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DISCLAIMER
The findings in this report are not to be construed as an official
Department of the Army position unless so designated by other authorized
documents,
The use of trade name(s) and/or manufacturer(s) does not constitute

an official indorsement or approval.

DESTRUCTION NOTICE
For classified documents, follow the procedures in DoD 5200.22-M,
Industrial Security Manual, Section II-19 or DoD 5200.1-R, Information
Security Program Regulation, Chapter IX.

For unclassified, limited documents, destroy by any method that will

prevent disclosure of contents or reconstruction of the document.
For unclassified, unlimited documents, destroy when the report is

no longer needed. Do not return it to the originator.
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— but at stresses near the yleld point (150,000 psi), where Young's modulus

e changes by about 2.5 percent, Poisson's ratio by 5 percent (both decrease {n
208
Ko tension and increase in comparison).

7

N3

; DD ‘“.,, 1473 E0tTion OF ' MOV 63 1S OBSOLETE UNCLASSIFIED

L] 27 SECUMTY CLASSIFICATION OF THIS PAGE (When Date Entered)
et

Ay

o OV ONS
(NN BRI 'E‘ G W

- - g
oA v Dot i,n'.‘: AL R " o " W ﬁ “3 .l LR |" 4 ,..‘.' ".'l‘,'.’.‘ﬂ' "c l.. l'l v \‘l (X l i ""' ., .0.. ¢

e




SECURITY CLASSIFICATION OF TH!IS PAGE(Whan Deta Entered)

28

0

1)

. !
KRR RN Hr A

Lty

I IR

SECURITY CLASSIFICATION OF THIS PAGE(When Dats Entered)

) D0 . Gl O MO O MO e 6 A p .
3 .l'l,n.‘ i-‘t,«“‘ St “5"!"1"‘qi‘|‘,‘ 'ﬂ!lt,x‘i..x'tiu'o“‘-,r’#‘,'t‘;:"fz..ilu’l.-'! .‘ '-‘A"!,‘, "“( Al J".“los'.f-‘,'" ‘?

i




WEPTTaE T PEBT I e T TR e v adhad ok Sk aad el el ot ol Sal Aok S b ol

SECURITY CLASSIFICATION OF THIS PAGE (When Deta Entered)

N REPORT DOCUMENTATION PAGE BEr e e oRM
o (1. REPORY NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER
Z, ARCCB-TR-86005
'l;:'t_ 4. TITLE (and Subtitle) S. TYPE OF REPORT & PERIOD COVERED
_— MECHANICAL PROPERTY DEVELOPMENT IN HOT ISOSTATIC Final
e;ftv' PRESSED (HIP) LOW ALLOY STEEL POWDER
:“’: 6. PERFORMING ORG. REPORT NUMBER
A
: ." 7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s)
s Peter Thornton
- John Senick
e John Atchinson
} ] . 9. PERFORMING ORGANIZATION NAME AND ADDORESS 10. ::22RQAwOERLKE'JSINTT'NFURMOBJEESJ' TASK
o US Army Armament Research & Development Center
::. » Benet Weapons Laboratory, SMCAR-CCB-TL QESESNQO']igggég?iiﬁ]']
IO Watervliet, NY 12189-4050 :
11, CONTROLLING OFFICE NAME AND ADDRESS 12. REPORY DATE
§ US Army Armament Research & Development Center January 1986
Wl Close Combat Armaments Center 13. NUMBER OF PAGES
oY Dover, NJ 07801-5001 18
¥ :. 14, MONITORING AGENCY NAME & ADDRESS(/! different from Controlling Oftice) 1S5. SECURITY CLASS. (of thie report)
At
@ UNCLASSIFIED
b7 1Sa. ggﬁéDASEI:ICATION/DOWNGRADING
4
_g:: 16. DISTRIBUTION STATEMENT (of this Report)
}‘
" Approved for public release; distribution unlimited.
M
tﬁ"
:;: 17. DISTRIBUTION STATEMENT (of the sbetract entered In Block 20, if different from Report)
[} »
)
2
"ﬂ:;
) 18. SUPPLEMENTARY NOTES
A
e
;:' y 19. XEY WORDS (Continue on reverse side If necessary and identify by block number)
3. Alloy Steel
>~ Powder Metallurgy
’.g. Mechanical Properties
) - Hot Isostatic Pressing
a;_'!l 20. ABSTRACT (Contimue en reverss sfdv i/ naceesary and identify by block number)
o The mechanical properties of a low alloy steel gas atomized powder, wr_n'ch was
:'f hot isostatically pressed (Hipped) to full density, were developed using
N typical commercial heat treatment practices. Tempering temperatures were
i varied systematically from 10000F to 12000F and the tensile and impact
=, properties evaluated along with the corresponding microstructural conditions.
l.:: Yield strengths on the order of 180,000 psi accompanied by low temperature,
i;;; (CONT'D ON REVERSE)
e
e DD ,',5%%, W73 €oimon oF 1 nov 6313 OBsOLETE UNCLASSIFIED
@4 29  SECUMTY CLASSIFICATION GF THIS PAGE (Wien Dare Entered)
w
,.0‘.

. e

- - . D N T PR PR SR R Y N
el et X LSO RN ORERE
VRS A'Q"Ob'C.q it 'r?( % ¢

“‘.'..". O3 ) i (X (O v-'fv-- !f
L R G VR VN B L R Y,

FEN, O) Ly G
a.-*ia‘mu'.ﬁ.l,ef‘.f..c,L!‘g.h.‘g



RS ) - 3 L ah Lis _BA g ua gl o0 aid ook o2A bl ame o L heahd adhl 2l d ol oAe A

|4 b | SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

..
;;5:-, 20. ABSTRACT (CONT'D)

impact toughness values of 18-20 ft-1b were developed in billets of this
material, 4 inches in diameter. The results of this study demonstrate

P that hot isostatic pressing of low alloy steel powder can be utilized to

3!}: / produce high quality components for critical applications which will benefit
7 from near-net shape manufacturing techniques.

% 30  SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)

- e . L ) " AT AN TA T A A
A s"\". \-.‘\3'.‘4’-"‘ '\" [\ .i.‘«‘l'.a‘s’-‘."1‘,.'-‘“:?‘.0."‘i.."i v NI TN TV S



ey - L aod ALl Lou Lo o4 L aad Ll doa oog ok ook dad Aol b ol L d ol ok o d oah ok ah eak L B il aald ok af ab Al -l _ad _ah Ak s ok - ahe bl

SWth
':i:
'l:,'j
' p SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)
"'.'
e REPORT DOCUMENTATION PAGE BEF AP INSTRUCTIONS au
: 1. REPORT NUMBER 2. GOVYT ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER
jﬁﬁ ARCCB-CR-86006
"t'" &. TITLE (and Subdtitle) S. TYPE OF REPORT & PERIOD COVERED
i STUDY OF HIGH MODULUS GRAPHITE/HIGH TEMPERATURE Summary - Phase I
,\., POLYMERIC MATRICES - PHASE I 31 Jul 84 - 1 Aug 85
\":' §. PERFORMING ORG. REPORT NUMBER
s
:,' \ 7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(e)
‘%‘ S. J. Calabrese, J. D. Cogdell, S. F. Murray, DAAA 22-84-C-0211
e and V., Paedelt
L)
ﬁ"': 9. PERFORMING ORGANIZATION NAME AND ADORESS 10. PROGRAM ELEMENT PROJECT, TASK
1the ) . AREA & WORK UNIT NUMBERS
4&' Rensselaer Polytechnic Institute
R Troy, NY 12180-3590
I
. 11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
.f'. US Army Armament Research & Development Center February 1986
fa' Close Combat Armaments Center 13. NUMBER OF PAGES
D Dover, NJ 07801-5001 75
:Q?: 14. MONITORING AGENCY NAME & ADORESS(I! different from Controlling Office) 8. SECURITY CLASS. (of thie report)
e US Army Armament Research § Development Center
» . Benet Weapons Laboratory, SMCAR-CCB-TL UNCLASSIFIED
{‘:\ Watervliet s NY 12189-4050 18e. ggEELDASiIEFICATION/DOWNGRADING
::: . 16. DISTRIBUTION STATEMENT (of thie Report)
j\; Distribution limited to US Government Agencies and their contractors only
he because of critical technology; February 1986. Other requests for this
- document must be referred to Commander, US Army Armament Research and
. Development Center, ATTN: Benet Weapons Laboratory, SMCAR-CCB-RT,
o Watervliet, NY 12189-4050.
';‘.' 17. DISTRIBUTION STATEMENT (of the abatract entered in Block 20, ! different from Report)
.-::
J
“'
\ " 18. SUPPLEMENTARY NOTES
E Glenn S. Friar - Benet Weapons Laboratory Project Engineer
>
‘: N 19. KEY WORDS (Continue on reverse side if necessary and identify by block number)
\ﬁh Resin Matrix Composites Adhesive Bonding
2?\ G;aphite Fiber-Reinforced Composites Polyimides
) High Temperature Composites Bismaleimides
R Surface Preparation Fabrication Techniques
o 20 ABSTRACT (Cantimm an reverse sids  necessary amd Identity by block mumber) -
P
A The objective of this work is to select candidate high temperature resins
K. N and develop fabrication techniques for making concentric, graphite fiber-
" reinforced composite tubes, bonded to the outside diameter of steel tubes.
Co The purpose of the composite overlay is to strengthen and stiffen the steel
s tubes up to temperatures of at least SO00°F,
u:; (CONT'D ON REVERSE)
ot
"
i DD ,' 255, 1473  eoimon oF 1 wov 6313 owsOLETE UNCLASSIFIED
31 secUMTY CLASSIFICATION GF THIS PAGE (When Data Entered)

-
-

> 0 > M AR Tr AP e A TR AN PR T T g,
Wi g . )
A R g B R i T R B T e,

O N W 0 TS U S e " LN TN 1) To g
o d e,V ¥ ! 4, !
ERTUANAN i‘t‘ﬂ." AR Y - '., Rndat Wil n' Ui AN WY e Y




Y W T v Madtdati ety

SECURITY CLASSIFICATION OF THIS PAGE(When Dete Entered)

' 20. ABSTRACT (CONT'D)

This Phase I report describes the results of initial evaluations that
“, were necessary to accomplish this objective. These included:

1) evaluation of methods for surface preparation of the steel and

the use of adhesives to promote higher bond strengths between the

" steel and the composites; 2) initial selection of candidate resins;
Y 3) development of suitable composite fabrication methods; and

4) measurements of the elastic properties and bond strengths of

the fabricated composites.

1$. The candidate high temperature resins that were selected for these
preliminary evaluations included one bismaleimide and three different
" types of polyimides.

o UNCLASSIFIED
L ] 32  SECURITY CLASSIFICATION OF THIS PAGE(When Darte Entered)

T T L0 ol IO IO ETLV LR N ST SR (L0 [t o )
Cha LT e RN AN i DA ',"',"’ "'i', :.,‘.:“,h.ih“l.‘ & !'l ;'l‘..'l.‘ﬁ‘,‘ I ?!( A N VENG .l."*; ,";'!h"i_ oy,



SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

REPORT DOCUMENTATION PAGE pEpREAD INSTRUCTIONS
1. REPORT NUMBER 2. GOVTYT ACCESSION NOJ 3. RECIPIENT’'S CATALQG NUMBER
ARCCB-TR-86007
4. TITLE (and Subtitie) S. TYPE OF REPORT & PERIOD COVERED
ANALYSIS OF GRADIENT CHANGE THRESHOLDS IN THE _
DETECTION OF EDGES OF OBJECTS FROM RANGE DATA Final

6. PERFORMING ORG. REPORTYT NUMBER

7. AUTHORC(s) 8. CONTRACT OR GRANT NUMBER(s)

C. N. Shen and R. L. Racicot

9. PERFORMING ORGANIZATION NAME AND ADORESS 10. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS

US Army Armament Research & Development Center AMCMS No. 6111.01.91A0.011

Benet Weapons Laboratory, SMCAR-CCB-TL PRON No. 1AS2FSOW1AlA

Watervliet, NY 12189-4050

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

US Army Armament Research & Development Center February 1986

Close Combat Armaments Center 3. NUMBER OF PAGES

Dover, NJ _07801-5001 22
4. MONITORING AGENCY NAME & ADORESS(/f ditferent from Controlling Oflice) 18. SECURITY CIL.ASS. (of this report)

UNCLASSIFIED

1Sa, DECLASSIFICATION/DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited,

17. DISTRIBUTION STATEMENT (of the abetract entered in Block 20, it different from Report)

18. SUPPLEMENTARY NOTES

Presented at the Third Army Conference on Applied Mathematics and Computing,
Georgia Institute of Technology, Atlanta, Georgia, 13-16 May 1985.
Published in Proceedings of the Conference.

19. KEY WORDS (Continue on reverse side If necessary and Identity by block number)

Gradient Change Scanning Schenme
Detection Laplacian Method
Threshold Second Residual Method
Probabilities

20. ABSTRACT (Tootioue an reverse side {f neceesary and identify by block number)

Edges of objects setting on or within a flat terrain can be defined by the
slope or gradient change occurring at the edge. A simple estimate of slope
change 1s to calculate the Laplacian using incremental range measurements taken
at different elevation angles. The Laplacian is defined as the second
difference of the range data. Since the range data contains noise in the form
of measurement error, consideration must be given to the statistical aspects of
(CONT'D ON REVERSE)

2, 7] ,:2:",, 1473 coimon oF ' nOV 83 15 OBSOLETE UNCLASSIFIED

‘)3 SECUPITY CLASSIFICATION OF THIS PAGE (When Data Entered)




SECURITY CLASSIFICATION OF THIS PAGE(When Data Bntsred) 1

20. ABSTRACT (CONT'D)

detecting edges in order to differentiate between actual edges and noise
effects. In this report, results are presented which describe the effects on
minimum detectable slope change of (1) noise levels, (2) probability of miss,
(3) probability of false alarm, (4) spacing of the measurements, and (5)
random distribution of edges near range measurement points.

34 SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)

ey :
“!!‘!‘l‘q.p PN,



M -y N W wrw W vmvv'““\vvv—r—-wm‘—-—-T

"m-'

T
vy b

'4 SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)
cab tad
,;:' REPORT DOCUMENTATION PAGE BEFOG S COMPE T P RM
k L t. REPORT NUMBER 2. GOVY ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER
L ARCCB-TR-86008
f::.ﬁl 4. TITLE (and Subtitle) S. TYPE OF REPORT & PERIOD COVERED
) ON THE ELECTRODEPOSITION AND CHARACTERIZATION OF )
ay NIOBIUM FROM FUSED FLUORIDE ELECTROLYTES Final

" 6. PERFORMING ORG. REPORT NUMBER
"'f(-:; 7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s)
iy G. P. Capsimalis, E. S. Chen, R. E. Peterson,

Al and I. Ahmad (See Reverse)
(
Q" 9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK
'ﬁ AREA & WORK UNIT NUMBERS
= VR Us Army Armament Research & Development Center AMCMS No. 6111.02.H600.011
::" Benet vleapons Laboratory, SMCAR-CCB-TL PRON No. 1AS2FS51D1AlA
Y Waterviiet, NY 12189-4050

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

1akid US Army Armament Research & Development Center February 1986
W Close Combat Armaments Center T3. NUMBER OF PAGES
T~ Dover, NJ 07801-5001 17
s T4. MONITORING AGENCY NAME & ADDRESS(/{ different from Controlling Office) | 15. SECURITY CL ASS. (of this report)

.Y
4y Unclassified
T 1Se. DECL ASSIFICATION/ DOWNGRADING
e SCHEDULE
A
) 16. DISTRIBUTION STATEWMENT (of this Report)
]
A
{‘” Approved for Public Release; Distribution Unlimited

g‘. 17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

Wl

b

J

I\

4 )]
,:..:’.. 18. SUPPLEMENTARY NOTES

D

c‘:‘

k)

;i' 5] 19. KEY WORDS (Continue on reverse eide If necessary and identify by block number)

Ao Electrodeposition

ey Molten Salt

"] Refractory Coatings

N High Temperature Resistant Erosion Material

. Microstructure Characterization

e:l' M 20. ABSTRACT (Cxrtioue an reverse side if neceesary and identify by block number)
: The electrodeposition of niobium from a binary electrolyte consisting of KF and

1 NaF was characterized and compared with the ternary electrolyte of LiF, NaF,
: and KF. The deposition experiments were conducted at current densities

"l °
W between 5 and 35 mA/cm? and electrolyte temperatures between 725° and 800°C.

- DTA measurements indicated the melting points to be 450° and 710°C for the w
. ternary and binary electrolytes with added KyNbFy; however, it was necessary i
2 (CONT'D ON REVERSE) |
.y
R ] FORM ‘
'y ‘ DD |, an7» 73 ceormown oF 1 nov 6318 OBsSOLETE UNCLASSIFIED |
o4 35  SECUMTY CLASSIFICATION OF THIS PAGE (When Date Entered) ‘
Cod

t.;:l. ;
oty

n,-,‘ ,.,s‘. a'.c s,a' .' R "'h”"i;' 9.!‘“0'.‘! Y ’pl‘qt",t. .c\ huhn ‘. 'gw“ ) “ ,_:.“a ‘ NI Rake

Vastite VLR LTSN



Rt deaalibadia b Jha Bt s A A A WY TN T e - -—Y

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

10 7. AUTHORS (CONT'D)

I. Ahmad

nof U.S. Army Reserach, Development, and Standardization Group
A London, England

Y 20. ABSTRACT (CONT'D)

~a to operate both electrolytes above 725°C to obtain dense coherent deposits.

f 5 Coating morphology was described by optical and scanning electron microscopy

; ; (SEM) morphology, while coating structure and properties were characterized by
x-ray diffraction analysis. In particular, a series of diffraction

3 measurements were reported to describe the changes in the microstructure of

) the deposited material as a function of the preparation conditioans.

LR
AR > ',
PPN

4 .
. :
R Ny
S el

4.8 4 "f
ot
l.,‘l-'l.f‘:‘- '

> 36 SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




T - A A ok A Aol ook Aol uad 2ol A el R Al o g Mla e ALd Ak A ath kil ok Aokl

| 4 SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)
i REPORT DOCUMENTATION PAGE B O
W |- REFORT NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER
ARCCB-TR-86009
"o 4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED
' A DESIGN METHOD FOR AUTOFRETTAGED THICK-WALLED .
& CYLINDERS WITH OUTSIDE DIAMETER DISCONTINUITIES Final
;& 6. PERFORMING ORG. REPORT NUMBER
4 7. AUTHOR(#) 8. CONTRACT OR GRANT NUMBER(s)
! J. J. Busuttil, Jr. and J. A. Kapp
i
Q0 9. PERFORMING ORGANIZATION NAME AND ADORESS 10. PROGRAM ELEMENT, PROJECT TASK
J AREA & WORK UNIT NUMBER
v US Army Armament Research & Development Center AMCMS No. 69400R2400022
N Benet Weapons Laboratory, SMCAR-CCB-TL PRON No. 1A62ZH43NMSC
& Watervliet, NY 12189-4050
11, CONTROLLING GFFICE NAME AND ADDRESS 12. REPORT DATE
o] US Army Armament Research & Development Center February 1986
. Close Combat Armaments Center 13. NUMBER OF PAGES
by, Dover, NJ 07801-5001 21
Y 14, MONITORING AGENCY NAME & ADORESS({( di{ferent from Controlling Oftice) 15. SECURITY CIl.ASS. (of this report)
. UNCLASSIFIED
) 1Sa. DECL ASSIFICATION/ DOWNGRADING
, SCHEDULE
¥
-: 16. DISTRIBUTION STATEMENT (of this Report)
[t Approved for public release; distribution unlimited.
&
.
- 17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, !f dl{ferent from Report)
!
'
K
W 18. SUPPLEMENTARY NOTES
f- To be presented at ASME 1986 Pressure Vessel and Piping Conference,
: Chicago, IL, 21-25 July 1986.
i To be published in Proceedings of the Conference.
: 19. KEY WORDS (Continue on reverae side If necessary and identify by block number)
4: Stress Concentration Fracture
ol Cylinders Fatigye
e Pressure Vessels High Strength Steel
f Cannon
; 20. ABSTRACT (Coutiltnre e reverss side i meceesary acd Identity by block mumber)
: A design method has been developed to determine the fatigue 1life of thick-
N walled autofrettaged cylinders containing outside diameter (OD) notches which
: act as failure initiation sites. The method uses local strain analysis for
e fatigue crack initiation and fracture mechanics analysis for crack propagation
to fallure. The method is relatively easy to program and thus can be used to
I optimize cylinder designs with respect to 0D initiated failures. The computer
(CONT'D ON REVERSE)

DD , %57 1473  Eormon oF 1 nov 65 15 oBsOLETE UNCLASSIFIED

37 SECURITY CLASSIFICATION OF THIS PAGE (When Dats Entered)

TN TAre R N PO A L AL M R RO LA TR AR AT PR AT AR TR PR LA PO RTRY ~ A A
! o) o BN NS AR RIS N R SRS )% o e et Rt » o M % ) 0"
‘-v"v 4%, ‘f‘ l')l‘okl -‘lMal.t Cn *')'- . A" ) } P . R AT A, B .. Ay "’ ARG ALNG UGN RN 'q‘o'o‘t'- oYy i'«"



SN
1A%
N
o E’ SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)
#, »
oy 20. ABSTRACT (CONT'D)
y '5-:;
) ) program developed requires only minimal input to estimate life: cylinder
oy dimensions, notch depth and root radius, internal pressure, and material yield
:3 strength. Other material properties (low cycle fatigue data, fracture
jaj toughness, and crack growth law) are permanently stored.
>
‘o
L The program calculates the elastic stress concentration factor using a Neuber
) diagram as a default. 1If the elastic k. is known from other sources, this
v feature of the program can be overridden. The stress concentration factor is
SN used to calculate notch root stresses from which local strains are estimated.
i Once the local strains are known, crack initiation life is estimated using the
§5ﬂ§ stored low cycle fatigue data. A crack is then assumed to exist and a power
f_ N law is integrated to determine crack propagation life to failure. The total
’ life is the sum of the initiation and propagation lives.
;?gﬁ The applicability of the design method is demonstrated by using 1t to predict
oo the total fatigue lives of existing cylinder designs with measured fatigue
f{j lives. The method's predictive capability is very good to conservative. In
}QQ no case was life substantially overestimated. In addition, a design example
_“-% is presented.
T
el
o
J?J
- .‘
X
\ \J
L
S
N
M
1 \...
s
L
b
Y 1
Zﬁ«
[\ \1‘\ }
Y
f H
oM
.h'('{,.
g ]
Y
00
.:"_
‘e
"5.
Y
' A '
N
e
A
N
Cod UNCLASSIFIED
.' 38 SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)
55
x &-
PA
i‘ { .. ~ - * .

4 v o o o T T o M R T o
' (D) A U ALRLS gl "
B P T I, L AR K A TR NS N S X i AR R SR

B A W A
i ten T T a i S,
BT HRLT VRN WY A0 bt



- TV WWW W U N TWEFRTWE TR We T T EE T TR EAEE RS TR ETRE RS R AR AT T TR AT AR A e

e

'(‘::ﬁt

e,

- SECURITY CLASSIFICATION OF TH!S PAGE (When Dats Entered)

144 REPORT DOCUMENTATION PAGE e EAD INSTRUCTIONS
; ' 1. REPORT NUMBER 2. GOVY ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER

N , :" ARCCB-TR-86010

AV 4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED
T A HIGH SPATIAL RESOLUTION DIGITAL SYSTEM FOR )
295 ULTRASONIC IMAGING Final

:.‘:: €. PERFORMING ORG. REPQORT NUMBER
::f:::: 7. AUTHOR(S) 3. CONTRACT OR GRANT NUMBER(a)
. , Jo F- MCDOnald, Po Kn DaS, Ko Co Lapl‘ade, C. Jo DAAA22-81'C-017O (Phase 1)
1) Hidalgo, K. S. Goekjian, L. Jones, H. Shyu, and

o G. Capsimalis (See Reverse) DAAA22-81-C-0185 (Phase II )
‘I‘-:,. 9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. P:gGRAM ERLEMENTT. PROJEERCST. TASK
o US Army Armament Research & Development Center AREA & WORK UNIT NUMS

Vel Benet Weapons Laboratory, SMCAR-CCB-TL AMCMS No,6111.02.H600.0
P, e Watervliet, NY 12189-4050 PRON NO.lASZFSIDlAlA

o 11. CONTROLLING QFFICE NAME AND ADODRESS 12. REPORT DATE
‘? US Army Armament Research & Development Center February 1986
,t ", Close Combat Armaments Center 13. NUMBER QF PAGES
L Dover, NJ 07801-5001 25
. :4‘: t4. MONITORING AGENCY NAME & ADORESS(If ditferent trom Controlling Office) 15. SECURITY CL.ASS. (of this report)
D Unclassified
@

o 1Sa. DECLASSIFICATION/ DOWNGRADING
.,':.‘-., SCHEDULE

f\:" 16. DISTRIBUTION STATEMENT (of this Report)

<
»
> Approved for public release; Distribution unlimited

e
e
«

17. DISTRIBUTION STATEMENT (of the abatract entered In Block 20, I{ different from Repart)

e
Wy

3

b
-

~( )

- *0
-:.‘.:-; 18. SUPPLEMENTARY NOTES )
Mg Presented at the Fourteenth International Symposium on Accoustical I maging
7 Neatherlands Congress Center in the Hague, 22-25 April 1985 and Published in
e the Proceedings.
A 19. KEY WORDS (Continue on reverae side if necessary and identify by dlock number)
o Ultrasonic Imaging Fourier Holography
i:f Digital Holography High Spatial Resolution
;}} VLSI in Ultrasonics Parallel Processing
ol
: ~._ 20, ABSTRACT (Coutfoue e reverse side f mereesary md Identily by block number)
Sy In recent years, the authors have {nvestigated some of the fundamental
‘r: theoretical physical limtations imposed on ultrasonic array performance. This
$$ has led to the extensive study of energy trapping as one means of enhancing the
s gspatial confinement of element radiation in the array. In this report, we

describe a system designed to explore the quality of the images produced by
practical trapped energy mode, hybrid trapped energy mode, and other types of

e
o, (CONT'D ON REVERSE)
L]
: o FORM
”‘, DD |, an 7 1473 EDITION OF 1 HOV 63 15 0BSOLETE UNCLASSIFIED
o 39 SECURITY CLASSIFICATION OF TNIS PAGE (When Deta Entered)
T
)

ol P L R o D L L0 JL LR N SN IS > ) N ot I :
N.o“..,n.i‘e' w"-m Elot P LR o . - QSR 3 CHENLY 3 Ll . ds L% L e SR e ‘."14 o 1ad "‘ ?“'




ey

N SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

3 ]
S

g ,

oo 7. AUTHORS (CONT'D)

o
P J. F. McDonald, P. K. Das, K. C. Laprade, C. J. Hidalgo, K. S. Goekjian,

Y L. Jones, and H. Shyu

e Rensselaer Polytechnic Institute

;,‘.':' Troy, NY 12180-3590 ‘
|
1'

i 20. ABSTRACT (CONT'D)

‘;5 arrays. The system implements a 256 channel parallel set of A/D and D/A

*\; converters for attachment to an arbitrary array. All 256 channels operate

S simultaneously at a maximum sampling frequency of 10 MHz. Hence, the total

. W throughput of signal samples reaches 2.5 billion samples per second in a

“"burst” mode. The multiple-ported DRAM memory has 1x10° bytes of local high

g speed storage. Since all of the input and output signals are in digital form,
;fsj a wide variety of image processing techniques can be employed. For example,
:;QJ from a single pulse, it is possible to reconstruct the two-dimensional

7"54 hologram of the ultrasonic imaging using fast digital hardware. The images
5eh can also be prepared by pulse-echo techniques using the same system.

..,5 Transmission from one portion of the array and monitoring the signal in

X : another portion simultaneously to detect interelement coupling is possible.
S In this way, all of the key array parameters can be controlled and calibrated.

/ Because of the D/A capability of the system, various signals can be
38aY transmitted from each array element, thereby permitting focusing and design of
optimum probing signals.
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